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We reported earlier (24, 25 ) the development of a fluorescencefor use in forensic identification using the Applied Biosystems based multiplex DNA profiling system comprising two highly Model 373A and Prism 377 DNA Sequencers, respectively. Experiments were aimed at defining the limit of target DNA polymorphic STR loci, HumD21S11 (26) and HumFGA (27) , and required for reliable profiling, the level of degradation that would the amelogenin gender determination system (28, 29) . In the present still permit amplification of the short tandem repeat (STR) loci report, we document the extensive validation studies performed examined, and the robustness of each locus in the multiplexes after and casework experience gained using this triplex system on the samples were exposed to environmental insults. In addition, the Applied Biosystems Model 373A DNA Sequencer. Validation specificity of the multiplexes was demonstrated using nonhuman DNAs. Forensically relevant samples such as cigarette butts, chewexperiments were also conducted using a modified triplex comprising gum, fingernails and envelope flaps were processed using both ing HumD3S1358 (30) , HumD21S11 and HumFGA on the secondan organic extraction procedure and a QIAamp protocol. DNAs and generation ABI Prism 377 DNA Sequencer. Initial experiments resultant multiplex STR profiles were compared. The validation of were designed to determine the optimal amount of target DNA for the triplex STR systems was extended to include over 140 nonproreliable amplification results on both analytical instruments. As a bative casework specimens and was followed with a close monitoring of initial casework (over 300 exhibits). Our results document complement to previous reports documenting the suitability (quanthe robustness of these multiplex STR profiling systems which, tity and quality) of DNA extracted from specimens under extreme when combined with other multiplex systems, could provide a environmental conditions for RFLP profiling (31) (32) (33) (34) AmpFLP/STR profiling (6) (7) (8) (9) (10) 16, (35) (36) (37) (38) (39) (40) , this paper further examined adverse conditions relevant to fluorescence-based amplifica-KEYWORDS: forensic science, short tandem repeat, validation, tion including 1) the presence of potential amplification inhibitors multiplex, fluorescence, polymerase chain reaction, sequencer from substrates, 2) the level of DNA degradation induced by environmental insults, and 3) the role artificial whitening agents present in a variety of detergents may have in interfering with the detection Individual identification through genetic analysis is a key eleof fluorescently labeled DNA fragments. Experiments incorporatment in the investigation of crimes (1) (2) (3) , the resolution of disputed ing a large number of primate and nonprimate individuals were paternity cases (4, 5) , the re-association of fragmented human also performed to investigate the specificity of the two multiplex remains following fatal accidents (airplane crash, gas explosion, systems. In addition, the multiplex STR systems were tested on bombs, fire, flood) (6-10), or verification of biological origin in simulated sexual assault cases, as well as forensically relevant sampotential sample mix-up in a clinical setting (11). Genetic analysis ples including cigarette butts, chewing gum, fingernails and enveof forensic specimens or archival material using the traditional lope flaps extracted using two different protocols. The final stage of the validation involved the use of the multiplex systems on a cases were processed using the STR multiplexes and closely moniprecipitation (RCMP Methods Manual, 1990) . Differential extractions were also performed on specimens containing semen to sepatored for any peculiarities. The results obtained from all stages of the testing procedure and results from initial casework are rate the female cell component (referred to as F2 fraction) from the male cell component (F3 fraction) (RCMP Methods Manual, described below. 1990).
Materials and Methods
DNA Quantitation-Quantitation of human genomic DNA in biological samples was determined using the slot blot hybridization procedure developed by Waye and colleagues (42) and the D17Z1 Samples-The control cell lines GM9948 (41, NIST Standard ␣-satellite probe. Nonhuman DNA samples were quantified by UV Reference Material #2391 PCR-based DNA Profiling Kit) and spectrophotometry. GM9947A (41) were used as sources of pristine DNA in some experiments and also served as positive amplification controls.
Agarose Gel Electrophoresis-DNA samples included in the Liquid blood, semen, vaginal swabs, buccal swabs, saliva, scalp environmental studies and degradation studies were separated elecand pubic hair, cigarette butts, chewing gum, fingernails and enveltrophoretically on 0.8% agarose 1X Tris-Borate-EDTA gels opes used in the validation experiments herein were obtained from (1XTBE: 89 mM Tris, 89 mM boric acid, 2 mM EDTA) to check volunteers among laboratory personnel. Nonhuman DNA samples for the presence of high molecular weight genomic DNA. Gels were kindly provided from the following sources: Metropolitan were stained with ethidium bromide (0.5 g/mL in 1XTBE). Toronto Zoo (Dr. Kay Mehren), Calgary Zoo (Dr. R. Cooper),specified in the Results and Discussion section or in the tables), for 2 h at constant voltage (3000 V) in 1X TBE using an ABI Substrate Study-Blood from one individual (125 L) was Microcon-100 Column Purification-Casework DNA extracts deposited on cotton, cotton/polyester blend material, black leather, that failed to amplify or amplified very weakly or partially (i.e., blue denim, newspaper, glass, linoleum floor tile and nylon rug, provided a profile for amelogenin only or for one of the two STR then air-dried and stored at ‫07מ‬ЊC until processed for DNA extracsystems in the multiplex) were further purified using Microcontion. 100 microconcentrators (cutoff of 100 basepairs or 300 bases for DNA/RNA; Amicon, Inc., Beverly, MA) following recommendaTemperature, Moisture and Substrate Study-Blood from one tions from the manufacturer.
individual (125 L) was deposited on two sets of the following substrates: cotton, cotton/polyester blend material, black leather, blue denim, newspaper, glass, linoleum floor tile and nylon rug.
Analysis of Amplification Products-Analysis of the triplex 1A
One set of substrates was air-dried overnight. The second set was fluorescent amplified products was performed as follows: to 3 L prepared fresh the next day. Both sets of substrates were subjected (or as specified in the tables) aliquots of the PCR reaction were (for 30 min) to 37ЊC or 56ЊC in an incubator or 100ЊC or 200ЊC added 4 L of denaturing loading buffer (5 mg/mL blue dextran, in an oven, then allowed to cool and air-dry at room temperature. 8M urea, 1X TBE) and 0.5 L of ABI Genescan 2500 ROX The substrates were stored at ‫07מ‬ЊC until processed for DNA internal lane standard. Following denaturation at 90ЊC for 5 min, extraction. the entire aliquot of each sample was loaded on a 6% (19Ϻ1) acrylamideϺbisacrylamide gel containing 8 M urea, (12 cm well-to-read Stability of DNA Extracts Left at Room Temperature for Various glass plate format) that had been prerun at constant voltage (1500 Lengths of Time-Liquid blood from one individual was processed V) for 30 min and equilibrated to 45 to 50ЊC. Electrophoresis was for DNA extraction following procedures outlined in this section. conducted for 3.5 h at constant voltage (1200 V) in 1X TBE using This individual's DNA along with those of two control cell lines an ABI 373A DNA Sequencer with the photomultiplier tube capac-(GM9947A and GM9948) were left on the bench, at room temperaity set at 800 V and the laser at 20 mW. Allele sizes were deterture for various periods of time (6 h, 1 to 3 days, 1 to 4 weeks), mined using the ABI 672 Analysis version 1.2.1 software and the then stored at 4ЊC until all samples could be processed simultanelocal Southern size calling method.
ously for PCR. Analysis of the triplex 1B fluorescent amplified products was performed as follows: to 1.5 L aliquots of the PCR reaction were added 4.5 L of denaturing loading buffer (20 stains (60 L) and semen stains (40 L) from one individual were for 2 to 3 min, samples were snap-cooled in ice-cold water, then prepared on washed cotton cloth. The stains were divided into two 1.5 L aliquots were loaded on a 4% (19Ϻ1) acrylamideϺbisacry-portions; one set was stored at room temperature in the light on the lamide gel containing 6 M urea (36 cm well-to-read glass plate laboratory bench (fluorescent lighting and filtered sunlight from a format) which had been prerun at constant voltage (1000 V) for window), i.e., was exposed to the diurnal cycle of sunlight and darkness, while the other set was maintained at room temperature 30 min and equilibrated to 51ЊC. Electrophoresis was conducted exclusively in the dark. Aliquots of the stains were removed at of 5 L (100 ng) was taken out following each session and frozen at ‫07מ‬ЊC until ready for PCR processing. various times (1 day; 6, 12, 18 and 24 months) and were stored at ‫07מ‬ЊC for approximately two years prior to extraction. BloodNonhuman DNA Study-The species specificity of stain and semen stain controls were maintained at three different HumD3S1358, HumD21S11, HumFGA and amelogenin primers temperatures (4ЊC, ‫02מ‬ЊC and ‫07מ‬ЊC) over the entire time period.
was examined in a large survey of animals, and microorganisms from the vaginal flora using different amounts of DNA (i.e., 5, 10, Detergent Study-In order to determine the level of potential 50 and 100 ng). The triplex 1A amplicons were analyzed on the background fluorescence generated by artificial whitening agents ABI 373A DNA Sequencer, and the triplex 1B amplified products found in detergents, pieces of white cotton cloth were treated with on the ABI Prism 377 DNA Sequencer. Many representatives Ultratide (powder), Javex (powder), Ivory Snow, Spray and Wash, from the Higher Primates (8 gorillas, 8 orangutans and 5 chimpanLiquid Tide and Fleecy softener under normal washing conditions, zees) were evaluated in order to obtain information regarding the then blood from two individuals was deposited separately on the extent of STR polymorphism in these animals. Many members of washed pieces. Stains were air-dried, then processed for DNA the Old World monkeys group were also included in the study (8 extraction.
Cynomulgus monkeys, 2 African green monkeys, 4 Rhesus monkeys and 1 macaque). One representative from the New World Soiled DNA-A bloodstain prepared on cotton was treated monkeys group was examined (marmoset). The 24 nonprimate simultaneously with a mixture of gasoline, motor oil, dirt, bleach, species tested and number of specimens included: dog [3] , cat [2] , and 10% SDS to mimic extensive wearing of garments. The stain pig [8], cow [2] , horse [2] , sheep [3] , mouse [4] , hamster [1] , was extracted and the DNA was subjected to PCR.
lemming [2] , deer [3] , moose [2] , goat [3] were processed using the QIAamp Blood Kit (Qiagen Inc., Chatsamelogenin was also noted for 0.32 ng and 0. and HumD21S11 began to drop out, resulting in false homozygosity. In these cases, the entire HumFGA locus failed to amplify. brown, gray/green, white). DNA extracts were then processed for PCR using the triplex 1A system.
Increasing the number of cycles to 32 and 34 augmented the total product yield and allowed detection of complete profiles using Simulated Sexual Assault Cases-Mock sexual assault cases 0.08 ng and 0.16 ng of DNA, respectively [using a 3 L aliquot were developed from vaginal swabs (with and without menstrual of the 15 L PCR (see Table 3 )]. Therefore, by increasing the blood) obtained from two female donors and semen from three number of amplification cycles, there was less advantage to sample different male donors chosen at random among the laboratory perconcentration when minimal amounts of template DNA were sonnel. Semen (left at ‫02מ‬ЊC and thawed before use, 60 L) was encountered. Partial GM9948 profiles (amelogenin and deposited on each vaginal swab, which was then air dried before HumD21S11) were obtained using even lower amounts of template being subjected to a differential extraction protocol.
DNA (such as 0.04-0.02 ng) at both cycle numbers, but significant differences in heterozygote peak height ratios were observed Casework Samples-To test the practical application of both ‫%74מ(‬ to ‫%3מ‬ for amelogenin, ‫%04מ‬ to ‫%96ם‬ for the triplexes 1A and 1B, DNA extracts remaining from completed HumD21S11 alleles). In addition, a reduction of specificity RFLP cases were processed using the multiplex STR systems. In reflected by an increase in nonspecific DNA fragments was noted total, 142 miscellaneous samples representing 24 cases (12 sexual (data not shown). assaults, 8 homicides, 1 impaired driving causing death, 1 break Table 3 and Fig. 2 summarize the detection limits of the ABI and enter, 1 impaired driving and 1 paternity following rape) were Prism 377 DNA Sequencer for the triplex STR-1B system. Comexamined. In addition, 19 full cases including 7 sexual assaults, 9 plete profiles were obtained using 28 cycles of amplification and homicides, 1 armed robbery and 2 missing persons, representing as little as 0.32 ng of template DNA. Allele peaks at HumD21S11 a total of 232 samples, were processed using the STR-1A system. and the two amelogenin fragments were clearly observed with peak Fourteen actual PCR cases (70 samples) were examined using the heights above the arbitrary threshold of 20 FU. The HumFGA STR-1B system. DNA from all specimens were extracted followalleles were detected with intensities of 22 and 20 FU using 0.32 ing protocols detailed in this section and were further purified on ng of input DNA (Fig. 2 , panel A). Lower quantities of input DNA Microcon-100 size-exclusion columns. A total of 8 to 9.5 ng of (Ͻ0.32 ng) contributed to locus dropout. When larger aliquots of DNA was used for the STR-1A typing system with 28 cycles of the PCR products were used for analysis (i.e., 6 L instead of 1.5 amplification when analyzed on the ABI 373A DNA Sequencer. L), fluorescent signal intensities were enhanced and the Hum-A total of 5 ng of DNA was used for the STR-1B typing system FGA allele peak heights (at 0.32 ng DNA) were no longer borderwith 30 cycles of amplification for analysis on the ABI Prism line values (Fig. 2, panel B ). This signal enhancement using larger 377 DNA Sequencer. In instances where very limited amounts of aliquots of the PCR products was not noted when 0.16 ng and 0.08 genetic material were available, a minimum of 1 ng of DNA was ng of DNA were used for amplification ( Fig. 2 , panel F). Although used.
authentic peak sizes were detected in the allele size range for HumD21S11, extraneous bands were also seen and significant Results and Discussion imbalance between heterozygote peak heights was observed due Sensitivity Studies to stochastic effects. An additional two cycles of amplification increased the total As shown in Table 3 and Fig. 1 (panels A to C), when using the ABI Model 373A DNA Sequencer and the color scheme yield of products which was reflected by higher peak heights when panels 2A and 2C, 2B and 2D, 2E and 2G, 2F and 2H were comselected for STR-1A primers, the GM9948 heterozygous genetic profile was detected using 0.32 ng to 10 ng of genomic DNA pared. These amplification conditions permitted detection of complete triplex 1B profiles from 0.16 ng of template DNA using a and 28 cycles of amplification. Using larger PCR aliquots for gel analysis (i.e, using 12 L instead of 3 L) allowed detection of 1.5 L aliquot of the 16 L PCR (Table 3 and Fig. 2 , compare panels E and G). A few nonspecific bands were also observed on profiles with as little as 0.16 ng, 0.08 ng and 0.04 ng of DNA (see panels D to F). In these instances, the fluorescence background the electropherograms. Although the two extraneous blue bands migrated outside the allele size range for amelogenin and was not significantly enhanced but an extra peak migrating at 80 bases, i.e., before the first amelogenin fragment, was noted. Both HumD21S11, the green peak sized at 260 bases was within the allele size range designated for HumFGA. Using a fourfold larger HumD21S11 and HumFGA alleles as well as the X and Y homologues of amelogenin were clearly noted in the electropherograms aliquot of the PCR enhanced the fluorescence signal intensities by a factor of three to four, without any significant increase in the with peak heights above the arbitrary threshold of 20 fluorescent units (FU); the smallest peak height observed was 27 FU for Humfluorescence background (compare panels 2C and 2D, 2G and 2H). Therefore, using a larger aliquot of PCR for samples that show FGA. Although a complete profile could be detected with these low amounts of template DNA (0.16 ng to 0.04 ng) and 28 cycles, borderline peak height values could have a significant impact on successful STR typing analysis. This would be particularly relevant differences in heterozygote peak heights were noted for amelogenin, HumD21S11 and HumFGA (see Table 3 ). Unequal amplifito laboratories that use a higher arbitrary cutoff threshold limit for scoring alleles (i.e., Ͼ50 FU, see Refs 16 and 18). Using 30 cycles cation of individual alleles at HumD21S11 and HumFGA and of amplification and a larger aliquot of PCR for analysis did not dropout were observed for amelogenin, HumD21S11 and Humimprove the profiling results obtained with 0.08 ng of template FGA. In addition, the yield of fluorescent amplified products was DNA. Unreliable and partial profiles for HumD21S11 and Humessentially the same for all substrates, including the dark-colored FGA were observed, with major imbalances between heterozygote garments (black leather and blue denim). These materials have peak heights (Table 3) . been known to cause difficulties when analyzed by PCR because Profiling results obtained using 32 cycles of amplification indiof dyes or chemicals which inhibit or prevent optimal enzyme cated that there was no benefit in using an extra two cycles. The activity (19, 39, (52) (53) (54) . In fact, the mean value for the yield of limit for reliable STR-1B analysis appeared to be 0.32 ng of temfluorescence for black leather and blue denim was calculated as plate DNA and a 1.5 L aliquot of the 16 ever, in our studies, the dried blood was swabbed off the substrate, Similar results have been recorded by investigators using other whereas van Oorschot used the entire bloodstained surface during STR loci (HumvWA, HumTHO1, HumF13A1 and Humfes/fps) DNA extraction. Sparkes and colleagues (19) tested a variety of under different amplification conditions but using the same fluoressubstrates using a broad range of amplicon sizes in their simulated cence-based detection instruments (16, 18, 23, 47, 48) .
case study for the validation of the second generation multiplex system (SGM). Although it is unclear which of the substrates failed to amplify, leather and denim were among the more challenging Environmental Studies substrates examined. A study performed by Comey and Budowle A number of experiments were carried out as a complement to (53) , in which 34 different fabric types and surfaces were tested, previous studies describing the behavior of a variety of STR loci indicated that DNA samples extracted from bloodstains on denim derived from samples exposed to a diversity of environmental (white or blue) using four different extraction procedures, failed insults (16, 19, 22, 37, 39, 40, (49) (50) (51) . These experiments were perto amplify the HLA DQ␣ locus (amplicon size of 239 or 242 formed in order to: 1) identify potential PCR inhibitors from a basepairs (bp)). These authors reported successful HLA DQ␣ typvariety of substrates, 2) determine the role artificial whitening ing from bloodstains prepared on leather using a modified organic agents found in a variety of detergents may have in interfering extraction procedure or a nonorganic method (53) . In a separate with the detection of fluorescently labeled DNA fragments, and validation study, polymarker typing results (amplicon size range 3) examine the robustness of the STR systems under various DNA of 138 to 214 bp; control HLA DQ␣ product of 239 or 242 bp) degradation regimens. This series of experiments was carried out were generated from bloodstains made on denim but only half of using 10 ng of input DNA with the triplex 1A and the ABI 373A the bloodstains prepared on leather produced polymarker geno-DNA Sequencer.
types (54 (glass, paper, cotton, newspaper), different observations may be The incubation at 56ЊC for 30 min supported amplification of full STR-1A profiles from the dry bloodstains prepared on the noted from different investigators using more challenging subsubstrates tested with the exception of the nylon rug, which resulted strates such as dark-colored garments.
only in the detection of the amelogenin locus. The typing results Temperature, Moisture and Substrate Study-All STR-1A profrom the fresh (wet) bloodstains were significantly different. First, files generated from DNA samples extracted from treated subthe overall yield of fluorescent amplified products was lower than strates were consistent with those determined for the untreated that noted for the dry bloodstains (see Table 4 ). This was particusamples of the same origin (data not shown), and showed no signs larly true for the 100% cotton, floor tile and nylon rug at all three of unequal amplification between two locus-specific alleles of an loci, and blue denim and glass at HumD21S11 and HumFGA. heterozygous profile (see Table 4 ). A full STR-1A profile was
Signs of locus drop out were also noted for blue denim, glass and detected from the dry bloodstains prepared on cotton/polyester nylon rug. Using the threshold limit of 20 FU to score alleles, blend fabric, black leather, blue denim, newspaper, glass and floor complete STR-1A profiles were generated from cotton, tile subjected to 37ЊC for 30 min. Amelogenin, with its small size cotton/polyester blend fabric, black leather, newspaper and floor amplicons (106 and 112 bases), was the only system detected on tile. Partial profiles (amelogenin only) were observed for blue the nylon rug following its incubation at 37ЊC for 30 min. Complete denim and glass. No typing profile was detected for the nylon rug STR-1A profiles were observed from wet bloodstains prepared on under these experimental conditions. black leather, newspaper and floor tile. No other wet bloodstains
The incubation at 100ЊC for 30 min completely prohibited detecprepared at this temperature were available for our STR-1A validation of HumFGA amplification products, regardless of the substrate and the nature of the bloodstain (dry or wet). HumD21S11 allele tion studies.
profiles were generated from DNA extracted from dry bloodstains Stability of DNA Extracts Left at Room Temperature for Various Lengths of Time-The DNA from the individual selected and the prepared on cotton, cotton/polyester blend fabric, black leather, two control cell lines GM9947A and GM9948 were amenable to blue denim, newspaper and floor tile, but all fluorescent signals PCR after four weeks at room temperature, and generated profiles were below 70 FU. The majority of the detection signals were for amelogenin, HumD21S11 and HumFGA that were consistent close to the minimum threshold value of 20 FU. No profiles were with those of the control DNAs left at 4ЊC for the same periods detected from dry bloodstains prepared on the glass surface and of time (data not shown). the nylon rug. The HumD21S11 amplification was severely compromised in the wet bloodstains on the substrates. Samples from the cotton and cotton/polyester blend fabrics did yield STR proStability of DNA from Semen and Bloodstains Following Longfiles, but the signal intensity was very weak (in the 20 to 45 FU and Short-Term Exposures to Sunlight and Darkness-Bloodrange). Locus dropout problems were noted for all remaining substains and semen stains maintained at room temperature in daylight strates tested at this temperature. Amelogenin was detected in most or darkness for up to two years yielded the same amount of fluoresof the DNA extracts from dry and wet bloodstains, yielding fluorescent STR-1A amplified products as the control stains from the cent peak heights between 26 and 103 FU. Allele dropout was same donor, and showed consistent allele size estimates (data not noted for the blue denim and the floor tile. No amelogenin signals shown). In addition, the DNA recovered from the treated stains were detected using the DNA extracted from the glass surface or showed no signs of degradation, as revealed by yield gels or as the nylon rug.
corroborated by the intense fluorescent STR signals detected and Interestingly, DNA samples extracted from bloodstains applied the lack of allele dropout or spurious bands (data not shown). to substrates incubated at 100ЊC for 30 min and subjected to agaThese results complement studies performed by Lygo et al. (16), rose gel electrophoresis did not show any obvious degradation.
Sparkes et al. (40) and van Oorschot et al. (39) in which bloodstains Therefore, these STR typing results could be explained by the and semen stains stored at room temperature for 11 or 15 years, possible co-extraction of PCR inhibitors from the blood and/or the 13 years, and 7 or 4 years, respectively, generated full profiles for substrate, promoted by the 100ЊC incubation. This in turn could the quadplex STR system (HumvWA, HumTHO1, HumF13A1, prevent efficient amplification.
Humfes/fps), the SGM system (HumvWA, HumFGA, HumTHO1, None of the bloodstains, either dry or wet, prepared on the varHumD21S11, HumD18S51, HumD8S1179, amelogenin) and ious substrates tested and incubated at 200ЊC for 30 min derived HumTHO1, respectively. These studies all demonstrate that blood HumD21S11 and HumFGA STR results. Strong amelogenin sigand semen are very resistant to the effects of age. A similar conclunals (between 298 and 590 FU) were detected from floor tile (dry) sion was reached by other investigators using different PCR typing and black leather (wet) ( Table 4) . Moderate signals (between 140 systems (53, 54) . In these studies, bloodstains and semen stains and 190 FU) were detected from glass (wet). Samples from cotton stored at room temperature for 16 or 20 weeks successfully pro-(wet), cotton/polyester blend (dry and wet), black leather (dry), duced HLA DQ␣ and polymarker genotypes. newspaper (dry and wet) and glass (dry) generated weak signals (between 21 and 84 FU). The incubation at 200ЊC clearly comproDetergent Study-The ten different detergents, fabric softeners mised the DNA's suitability for amplification in all situations.
and color brighteners used under normal washing conditions did These STR-1A typing results corroborate the level of DNA degnot interfere in any way with the interpretation of STR-1A allele radation noted from yield gels run for this series of DNA samples peaks (data not shown). No enhancement in the fluorescence back-(data not shown). As the samples degraded, loci with high molecuground and no extraneous bands were noted. Regardless of the lar weight alleles such as HumFGA (amplicons between 254 and treatment, profiles for amelogenin, HumD21S11 and HumFGA 298 bases), followed by HumD21S11 (amplicons between 204 and showed the same fluorescence intensity, and no signs of unequal 244 bases), amplified less efficiently with the potential for leading amplification or allele dropout, when compared with profiles to allele or locus dropout. Amelogenin, whose amplification generobtained from control bloodstains prepared on untreated cloth. A ates the smallest size fragments (106 and 112 bases), was the last previous study performed by Urquhart et al. (49) , using a large system affected by such degradation.
number of fluorescent compounds including color brighteners, This study indicates that recovery of intact DNA suitable for showed that although many compounds gave rise to identifiable PCR analysis is more problematic from bloodstains maintained at peaks when run on the ABI 373A DNA Sequencer, standard elevated temperatures, such as 100ЊC and 200ЊC, compared with phenol/chloroform extraction removed these fluorescent peaks and samples maintained at 37ЊC and 56ЊC. Yield gels showed clear prevented interference with the interpretation of the quadplex STR degradation of DNA extracted from 200ЊC substrates. However, allelic peaks. Our results, using North American detergents and no detectable sign of degradation was noted for genomic DNA softeners, complement their experiments and further support the extracted from substrates left at 100ЊC, 56ЊC or 37ЊC (data not PCR amplifiability of genetic material recovered from bloodstains shown). Partial STR-1A profiles obtained from bloodstains suband semen stains prepared on prewashed or pretreated cloth. jected to these temperatures may be explained by the presence of Other validation studies were published by Scheithauer and PCR inhibitors from blood and/or substrates which interfere with Weisser (56) and Andrews et al. (57) . The first group of investigaefficient amplification of STR loci in the size range of HumD21S11 tors processed a series of bloodstains prepared on linen pretreated and HumFGA, and favor amplification of the smaller amplicons with 20 different remedies used for cleaning and maintaining such as amelogenin. Although dark-colored garments have been clothes to determine the effect on RFLP analysis. Three out of the notorious for preventing optimal DNA amplification by PCR 20 remedies tested caused disturbances, i.e., prevented optimal (19,39,52-54), our study indicates that substrate samples prorestriction endonuclease activity. Andrews and colleagues (57) cessed from black leather yielded intact DNA and excellent STR examined the PCR amplifiability of genetic material recovered typing results. The worst substrate was the nylon rug, which from washed blood, semen and saliva stains prepared on a variety yielded no results for both sets of bloodstains at all temperatures of substrates. These authors reported that even tiny washed stains allowed successful PCR DNA typing. tested. Similar conclusions were drawn from other studies (55).
Soiled DNA-The DNA recovered from our sample showed degradation when run on agarose gels (data not shown). These observations are in contrast with those of Prinz and Schmitt (50), amplification of only the amelogenin locus. The HumD21S11 and HumFGA alleles were not detected. The five chemicals used who noted severe DNA degradation (no high molecular weight DNA) after 30 s of exposure to ultrasonic waves using a different together as a cocktail, i.e., gasoline, motor oil, dirt, bleach and sodium dodecyl sulfate, appeared to have a major impact on the instrument. However, these authors also reported that prolonged exposure (150 min) to ultrasonic waves did not prevent detection STR typeability of the sample. Van Oorschot et al. (39) tested the same five chemicals separately and observed no detrimental effect of HumvWA profiles (longest allele 167 bases). on the capability of the HumTHO1 locus to be amplified (amplicon size 155 to 178 bases). Comey and Budowle (53) evaluated the Nonhuman DNA Study effect of a variety of chemicals, including the five chemicals included in our study, and reported successful HLA DQ␣ typing All three STR primer sets evaluated (HumD3S1358, HumD21S11 and HumFGA) failed to amplify products from from all samples with the exception of those samples contaminated with soil. Failure to amplify the HLA DQ␣ locus (amplicon size DNAs of domestic and wild game animal bloods (see list in Materials and Methods/Validation Experiments). Nonspecific fragments 239 or 242 bp) was explained by the fact that no DNA was recovered from these samples. These authors suggested that comwere observed using 5 ng or 10 ng of DNA, but the fluorescent peak heights were always very close to the arbitrary 20 FU cutoff ponents of the soil may bind the DNA making it impossible to extract. Our result may be explained by the presence of chemical for the detection of true amplification products and/or fell outside the human allele size range distinct for each STR locus (Fig. 5) . residues not totally removed during phenol-chloroform extraction, which interfered with efficient amplification of STR loci in the size
The nonspecific fragments were seldom seen below the smallest human allele detected in this study (i.e., 114 bases, HumD3S1358) range of HumD21S11 and HumFGA, and favored amplification of the smaller amplicons such as amelogenin. On the other hand, the or above the largest human allele (i.e., 300 bases, HumFGA). The use of 50 ng of DNA for amplification enhanced the production extent of DNA degradation following exposure to the mixture of dirt and chemicals may be such that high molecular weight target and/or detection of artefactual peaks (compare panels 5A and 5D, 5C and 5E). In most instances, although some of the nonspecific sequences such as HumFGA and HumD21S11 are no longer amenable to amplification. Unfortunately, no agarose gel was run to fluorescent peaks overlapped with human STR allele sizes, they were of a different color and would not interfere with the detection verify this theory due to a very poor DNA yield.
of
a potential human STR profile (panel 5D). One exception was Degradation Studies
seen in sheep where two green bands sized at 275 and 279 bases (HumFGA allele size range) were detected (panel 5E). The use of DNA extracts were subjected to two different degradation regi-100 ng of DNA showed an inhibitory effect on the PCR as reflected mens in order to examine the robustness of each STR locus comby lower yields of amplified products and therefore, resulted in prising the multiplex 1A.
fewer nonspecific bands (panels 5F and 5G). Only three of the 14 bacterial or yeast strains examined (i.e., Boiling, Freezing, Thawing-As shown in Fig. 3 , a full STRBacteroides fragilis, Streptococcus agalactiae and Candida albi-1A profile identical to the control was obtained for DNA samples cans) consistently produced minor peaks (20 to 95 FU) using 10, boiled for up to 10 min and subjected to 10 cycles of freezing (10 50 and 100 ng of DNA (Fig. 6) . However, all peaks with one min at ‫07מ‬ЊC) and thawing (room temperature) (see Table 2 for exception (see panel 6A) were detected in positions irrelevant to actual step-by-step protocol). Strong fluorescent signals in the human allele sizes for the STRs surveyed. One blue peak in Bacterange of 300 to 600 FU were detected, with a lack of allele or roides fragilis (5 ng target DNA), sized at 231 bases (66 FU), locus dropout. No spurious bands were noted. However, the yield corresponds to a position within the allele size range for of amplified products for samples boiled for up to 10 min and HumD21S11. However, this peak was not seen when larger subjected to 10 cycles of freeze/thaw was reduced by a factor of amounts of DNA were used for amplification (panels 6D and 6G). 1.5 to 2 compared with samples boiled for 30 s and subjected to These observations complement those of Sparkes et al. (40) who only one cycle of freeze/thaw (compare panels 3B and 3C). Similar tested a different group of 28 bacterial strains with a heptaplex reduced yields were also observed for samples #9 to #12 (see Table  STR system which included HumD21S11 and HumFGA. Other 2 for details on samples and data not shown). These samples may microbial DNA challenge studies were also performed using differcontain a reduced number of target DNA molecules available for ent STR loci such as HumvWF, HumTHO1, HumF13A1, amplification. In fact, DNA degradation was noted from yield gels Humfes/fps (18), HumTPOX and HumCSF1PO (37) . No amplified (data not shown). The degradation was detrimental to the RFLP products were detected for any of the microorganisms examined analysis and prevented hybridization of the D2S44 probe (expected in these studies. median size fragments of 2832 and 1837 basepairs for GM9948).
Previous nonhuman DNA studies carried out on some tetranuIn our study, the level of degradation was not significant enough cleotide STR loci and amelogenin (18, 38, 40, 49, (58) (59) (60) indicated to eliminate amplification signals from the STR loci HumD21S11 that human STR primers will anneal to genomic sequences of aniand HumFGA, but sufficient to reduce the yield of amplified prodmals, in particular Higher Primates (chimpanzee, gorilla and oranucts by a factor of approximately 2.
gutan), and promote the production of amplicons. Our study reaffirms these reports and presents an extensive survey of memSonication-A complete STR-1A profile was obtained for DNA samples sonicated for up to 2 min (Fig. 4) . Balanced signals bers belonging to the Higher Primate group or Old World and New World monkey groups. between the two locus-specific alleles of heterozygous profiles were observed. Our conditions of sonication did not interfere with Table 5 lists the fluorescent amplified products detected for all the individual animals examined. Figure 7 shows representative successful amplification and detection of amelogenin, HumD21S11 and HumFGA alleles. Interestingly, none of our sam-STR-1B profiles obtained for chimpanzees, gorillas and orangutans. All three STR loci tested were amplified and displayed some ples subjected to sonication for up to 2 min showed detectable Table 2 for details). Amelogenin primers were labeled with FAM, HumD21S11 primers with JOE and HumFGA primers with TAMRA. (2, 4, 8, 10, 20, 30, 40, 50, 60, 90 (27) , 151.65 (32) , 388.00 (27) and 406 (32) . 
FIG. 3-STR-1A typing analysis of degraded DNA following a boiling/freezing/thawing regimen. GM9948 control cell line DNA was subjected to repeated cycles of boiling (in water for 10 min), freezing (10 min at ‫07מ‬ЊC) and thawing (at room temperature) and then amplified under conditions detailed in Materials and Methods, using 28 cycles of amplification. Each panel depicts the fluorescence intensity (FU, Y-axis) and the size estimate in bases (X-axis) derived from the internal standard Genescan 2500 ROX run on the ABI Model 373A DNA Sequencer. (A) Untreated GM9948 control DNA; (B) Sample 1-1 (total of 30 s in boiling water, 1 cycle of freezing and thawing); (C) Sample 1-10 (total of 10 min in boiling water, 10 cycles of freezing and thawing; see

FIG. 4-Effect of sonication on the STR-1A typing analysis of GM9948 DNA. GM9948 DNA was subjected to ultrasounds at intensity 50 for different time spans
and 120 s) and processed for PCR, using 28 cycles of amplification as detailed in Materials and Methods. Each panel depicts the fluorescence intensity (FU, Y-axis) and the size estimate in bases (X-axis) derived from the internal standard Genescan
FIG. 7-Species specificity of STR-1B primer sequences in Higher Primates. The STR-1B system was tested on DNA (5 and 50 ng) from 8 gorillas, 8 orangutans and 5 chimpanzees and analyzed on the ABI Prism 377 DNA Sequencer. Examples of amplicons obtained for each species are shown. Each panel depicts the fluorescence intensity (FU, Y-axis) and the size estimate in bases (X-axis) derived from the internal standard Genescan 350 ROX run in each lane. (A), (B): chimpanzees, 50 ng DNA; (C), (D): gorillas, 50 ng DNA; (E), (F): orangutans, 50 ng DNA. HumD3S1358 primers were labeled with FAM, HumD21S11 primers with FAM and HumFGA primers with JOE.
degree of polymorphism in all three species. In addition, profiles allele sizes were between 126 and 148 bases and chimpanzee allele sizes were between 184 and 212 bases, which are much closer in showed balanced signals across the three STR loci in STR-1B. This was especially true for the chimpanzees, whereas the high size to the human D21S11 alleles (202 to 250 bases, Ref 61). Meyer et al. (60) reported similar observations using different individuals molecular weight HumFGA alleles in gorillas and orangutans were less efficiently amplified. The HumD3S1358 alleles all fell within from the Higher Primate group. In contrast, other investigators (40,49) observed HumD21S11 alleles for gorillas and orangutans the allele size range noted for humans (i.e., 114 to 142 bases, Ref 46) ; gorilla allele sizes were between 126 and 134 bases, orangutan that were larger or in the top range of the human allele sizes using the same set of primers in a different multiplex STR system. In allele sizes between 118 and 134 bases, and chimpanzee allele sizes between 122 and 130 bases. The HumD21S11 alleles were the same studies (40, 49) , chimpanzees showed alleles smaller than those of humans. much smaller in size than those of humans; gorilla and orangutan The HumFGA alleles observed in the gorillas and orangutans could differentiate between these two possibilities. The 139 base fragment amplified using the HumD21S11 primers lies outside the tested were all in the top range of the human allele sizes reported (238 to 372 bases, 373A instrument, Ref 61), and were between human D21S11 allele size range, but the 255 base and 295 base fragments generated using the HumFGA primer set fall within 294 and 344 bases (on the 373A instrument) or between 296 and 346 bases (on the 377 instrument). Allele sizes for chimpanzees the human FGA allele size range. The use of 50 ng of DNA for amplification promoted mispriming events and generated a number were between 260 and 272 bases (on the 373A instrument) which correspond to a size range where frequent HumFGA alleles were of nonspecific bands of different sizes with fluorescence intensities between 59 and 440 FU (see Table 5 ). The majority of these bands reported in humans (61). Similar observations were made by other groups (40, 49) .
fell outside the HumD3S1358, HumD21S11 and HumFGA allele size range determined for humans, with the exception of a 288 Other animals tested included members of the Lower Primates, Old World and New World monkey groups. No polymorphism base fragment which corresponds to a HumFGA allele. Detection of these bands in forensic situations is unlikely and to our knowlwas observed at any of the STR loci examined. Rather, monomorphic bands or nonspecific fragments of the same size were detected edge, monkey DNA has never been encountered or reported by any international forensic laboratories. in all animals ( Table 5 and Fig. 8 ) and only sequencing experiments (25) , 127.84 (27) This series of results suggest that the STR loci under study have predated the divergence between humans and chimpanzees. A similar observation was made by other investigators concerning been conserved throughout evolution, with profiles in chimpanzees showing a tendency towards smaller STR alleles for HumD3S1358 other STR loci (59, 65) . Sex typing results also revealed that gender determination in (122 to 130 bases versus 114 to 142 bases), HumD21S11 (184 to 212 bases versus 202 to 250 bases) and HumFGA (260 to 272 domestic and wild game animals, as well as in orangutan and Old World monkeys, was not possible using the human amelogenin bases versus 238 to 372). Rubinsztein et al. (62, 63) showed that microsatellites started with a shorter ancestral state and evolved primer set selected for this study. Indeed, only one band sized at 102 to 103 bases (for domestic animals [dog, cat, pig, cow, horse, more rapidly in humans than in chimpanzees. They also presented models to explain the propensity for humans to expand the repeats.
sheep, mouse, hamster] and members of the Cervidae group ([deer, moose, bison, goat]) or 106 bases (for orangutan) was observed The high degree of conservatism between humans and chimpanzees had previously been noted using dinucleotide and trinucleotide regardless of the gender of the animals surveyed (data not shown).
As was suggested by other investigators (66), this may result, in repeats (62-65). Our study, using a large survey of animals belonging to the Higher Primate group, shows that this high degree of some species, from the lack of sex differences between the X and Y homologues of the amelogenin gene; a situation that prevails conservatism also extends to tetranucleotide repeats. This further suggests that the HumD3S1358, HumD21S11 and HumFGA loci for bovines (67) . Alternatively, and as reported for the mouse (68), amelogenin sequences in some species may be present exclusively Although two bands, sized at 106 and 112 bases, were detected in green monkeys and rhesus monkeys, a strong differential was on the X chromosome. Studies performed by Bailey et al. (69) revealed a remarkable degree of conservation between amelogenin noted between the peak heights of the two bands (112/106 ratios ranged from 6% to 9%); Fig. 8 , panels A-C. Such a differential X-Y homologues among the Great Apes and Old World monkeys. Using their primer set, gender identity was possible for chimpancould potentially prevent the detection of the 112 band in situations of reduced number of target DNA. In view of the studies performed zees, gorillas, orangutans, rhesus monkeys and crab-eating macaques. Failure to detect a Y product in orangutan using our by Bailey et al. (69) , failure to detect a balanced X/Y product ratio in Old World monkeys using our amelogenin primers possibly primers (which map to a different position in the first intron of the gene) may reflect sequence divergence in the primer site on reflect sequence divergence in the primer site on the Y homologue. the Y homologue. Alternatively, in these animals, our primers may flank a region of the gene which shows a high degree of conservaMiscellaneous Samples tion between the X and Y homologues and lacks the 6 base pair
As indicated in Table 6 , both extraction procedures provided difference targeted for gender identity. Sequence experiments could provide more information regarding these two possibilities.
amplifiable DNA from cigarette butts, chewing gum and fingernail clippings, even the fingernail clippings stored at room temperature for two years. All STR profiles generated were consistent with those of the control samples from the donors. However, the yield of DNA recovered from the specimens varied greatly between extraction procedures. The amount of DNA obtained from the ten cigarette butts received from the same individual was significantly lower (by a factor of 4 to 20) using the organic extraction procedure. The QIAamp protocol appeared better suited for recovering DNA from cigarette butts. Although not compared to the organic procedure, excellent yields were also obtained for fingernail clippings using the QIAamp kit. Interestingly, greater yields of DNA were recovered from the chewing gum samples using the organic extraction procedure (4 to 15 times for donor A and 3 to 5 times for donor B) compared to the QIAamp protocol. In addition, the fast and easy QIAamp extraction protocol appeared better suited to recover amplifiable DNA from envelope flaps. Indeed, although DNA from envelope flaps was obtained using the organic procedure, no STR profiles were generated. STR profiles produced from the DNA extracted using the QIAamp kit were consistent with those of the control samples from the donors.
Simulated Sexual Assault Cases
Mock cases from the nine different sexual assault situations simulated using two females (menstrual and nonmenstrual swabs) and three semen donors are presented in Figs. 9-11 ; Figs. 9 and 10 represent STR-1A typing results generated on an ABI Model 373A Sequencer and Fig. 11 , STR-1B typing results as analyzed on the ABI Prism TM 377 DNA Sequencer. The differential extractions were successful in most instances and allowed female and male STR profiles to be clearly distinguished. Indeed, the F2 fractions (female component) from the six swabs without menstrual blood consistently generated STR profiles corresponding to the female donors only (Figs. 9-11, panel C) . Two of the F2 fractions from the three swabs with menstrual blood however, showed mixed profiles with a minor contribution from the male component (Figs. 9 and 11, panel F). All F3 fractions (male component) appeared to contain some carryover of female cell components as evident by the detection, in these samples, of both female and male contributor's STR profiles (Figs. 9-11, panel D) .
The use of F1 fractions in STR profiling, which represent the first wash of the swabs and often contain cellular debris, was examined in this study. The F1 fractions provided valuable information on the male contributor's profile in 3 out of 9 (33%) instances due to premature lysis of the sperm cells (Fig. 9, panel B) . In 8 out of 9 samples (89%), the F1 fractions confirmed the female contributor's profile (Figs. 9 and 10, panel B) . Only one F1 fraction showed no STR results (Fig. 11, panel B) . The data strongly suggest that the F1 fractions are important samples to consider when processing extracts (a total of 277) generated full profiles that were consistent mixed swabs or stains by PCR STR analysis. As more challenging with those of the corresponding known samples. Another 17% of samples are received for PCR analysis, and likely those with a the questioned specimens failed to amplify, whereas 8% showed high degree of cell damage, F1 fractions containing these damaged results for amelogenin only. Partial profiles consisting of amelocells may become a major source of information about the male genin and HumFGA were noted in 9% of exhibits examined. Only contributor of the semen on a swab. Already, this situation has been 2% of specimens showed partial profiles composed of amelogenin encountered in sexual assault cases in a number of laboratories and HumD21S11. Examples of exhibits that failed to produce a including our own.
complete STR-1A profile are shown in Fig. 12 , and included bloodstains (on nylon pants, rope, paper towels, black running Casework Samples shoes, black leather jacket, black or blue T-shirts, black, navy blue or gray pants, brown carpet, floormat of a truck, blue vinyl seat, As summarized in Table 7 , all known samples (a total of 97), kitchen knife, glove, $10 bill), cigarette butts, fingernails, scalp with the exception of the human muscle DNA, produced complete STR-1A profiles. Approximately 64% of the questioned DNA hair, anal swabs, rectal swabs, swabs from door handles and human muscle. In these instances, DNA degradation and limited quantities derived from the STR-1A typing analysis corroborated those of the RFLP analysis. of DNA recovered from the specimens, along with potential PCR inhibitors, could be possible explanations for the lack or weak Typing results for the triplex STR-1B system are summarized in Table 9 . Thirty-seven cases (23 completed RFLP cases and amplification results.
Interestingly, of the 277 questioned samples tested, 219 (79%) 14 actual PCR cases) representing 156 samples were processed using this STR system. All known samples (a total of 62) proprovided a result for amelogenin versus 189 (68%) for HumFGA and 165 (60%) for HumD21S11. Most of the samples that produced duced a full profile with the exception of two exhibits. One pair of blue underwear from a suspect (indicative of epithelial partial STR-1A profiles lacking the HumD21S11 alleles were bloodstains. Other samples that showed the HumD21S11 locus cells, unidentified biological material) generated a partial HumD3S1358/HumFGA profile (Fig. 13, panel A) . A mouth swab dropout phenomenon included semen stains F1, F2 and F3 fractions and cigarette butts. Thus, it appears that HumD21S11 may be less from a suspect showed no STR results. Approximately 85% (80 out of 94) of the questioned DNA extracts generated STR-1B profiles efficiently amplified when subjected to certain insults. Selective degradation of the HumD21S11 locus (chromosome 21) over the which were consistent with those of the corresponding known samples. Another 8% of the questioned exhibits yielded no results. HumFGA locus (chromosome 4) is unlikely since further purification of the DNA extracts remaining from RFLP cases, using Amplification failure was usually associated with the extent of degradation of the DNA, and/or the minute amounts of DNA Microcon-100 size-exclusion columns, promoted successful amplification of HumD21S11 in most of these samples (see next section).
recovered from the exhibits (scalp hair from clothing, saliva stains on a black nylon stocking, one F1 fraction from a vaginal swab Table 8 reveals that 63% of the exhibits examined, which had generated a result following RFLP analysis, showed STR-1A prowith semen, one F2 fraction from an anal swab, one bloodstain from a facial tissue paper and one bloodstain from a brown carpet). files. Another 23% of casework specimens which gave reportable STR-1A results had not been processed using RFLP single locus Partial profiles were also noted in 7% of the questioned specimens examined. The partial profile HumD3S1358/HumFGA was probes because of DNA degradation or insufficient DNA. Yet another 12% of samples, not processed for RFLP, remained refracobserved more frequently (5%) than the profiles consisting of HumD21S11 alone (1%) or HumFGA alone (1%). Partial profiles tory to amplification and provided no STR-1A results. This may be due to high levels of DNA degradation, very low amounts of were generated from two vaginal swabs (F2 fractions), a bloodstained jacket, two bloodstains on the interior door of a car and DNA or the presence of PCR inhibitors in the DNA extracts. Only 2% of the items tested, which had failed to produce RFLP results, two bloodstains on brown suede shoes (Fig. 13) .
As noted before with casework items processed using the triplex generated STR profiles. More importantly, the case conclusions STR-1A, but to a lesser extent, the HumD21S11 locus appeared these instances, STR analysis was attempted in spite of the fact that no detectable DNA was noted. to be less efficiently amplified than HumFGA. Of 94 questioned samples, 85 (90%) provided a result for HumD3S1358 versus 81 (86%) for HumD21S11 and 86 (91%) for HumFGA. The reason Microcon-100 Column Testing why no parallel decrease in HumD21S11 detection was noted using the STR-1B system was that most samples (remaining from RFLP Initial results obtained from casework items indicated that detectable levels of DNA were often extracted from stained areas completed cases), which showed partial STR-1A profiles lacking HumD21S11 alleles, were consumed during the validation of the or swabs but amplification products were not always obtained. The use of a size-exclusion spin column (Microcon-100, Amicon) was triplex STR-1A system. Since these samples were not included in the validation of the STR-1B system, the percentage of samples found to be successful in removing PCR inhibitors from most casework DNA extracts received from completed RFLP cases. As showing full profiles was much higher for STR-1B.
Comparison of the STR-1B typing results with those of the shown in Table 10 , this additional step increased the chances of PCR amplification on most challenging samples such as a soiled RFLP analysis performed on the same casework items revealed that 85% of exhibits examined generated both RFLP and STR kitchen knife, a soiled $10 bill, bloodstained black running shoes, a black leather jacket, a blue vinyl seat, navy blue pants, brown profiles. Another 11% of casework items which yielded reportable STR-1B results had not been processed using RFLP single locus carpet and anal and rectal swabs. Of the specimens that showed partial profiles (77%) or no profiles (23%) prior to Microcon-100 probes because of degradation or insufficient DNA. Only 1% of specimens which failed to produce RFLP results, generated STRtreatment, 62% were converted to full profiles following the treatment, 23% remained partial and 15% still did not generate any 1B results. In addition, 3% of exhibits which showed RFLP profiles were not successfully typed using the STR-1B system due to an STR-1A results. Furthermore, the use of the Microcon-100 column was crucial insufficient amount of DNA remaining after RFLP analysis. In in eliminating or reducing the differential amplification observed Conclusion with the X and Y homologues of the amelogenin gene. Indeed, Validation studies described in this paper demonstrate that the as shown in Table 11 , a number of casework samples (possible multiplex STR systems consisting of amelogenin or HumD3S1358, mixtures), as well as database samples (nonmixture samples), deand HumD21S11 and HumFGA are both robust and reliable, and monstrated a significant differential amplification of the X and Y allow typing of forensic samples that were not suitable for the homologues of the amelogenin gene (range between 0.1 to 55 times traditional RFLP procedure due to insufficient and/or degraded more of the X product over the Y product). This phenomenon DNA. Forensic exhibits from which genetic material was obtained could be potentially misleading in the interpretation of mixtures generated STR-1A and STR-1B profiles always consistent with (i.e, assigning the major component of the postulated mixture as those of control or reference samples. At no time were false posifemale when, in fact, the sample originated from a single male tive or false negative results produced. The evolution in fluoresdonor). After further purification using the Microcon-100 columns, cence-based detection technology and related instrumentation the fluorescent peak height ratio of the X and Y homologues for dictated the modification of the amplification conditions and most samples were all very close to 1.0 (highest differential was design of the triplex STR-1A defined for the model 373A Gene-6, observed only once). Although ratios of 1.0 are indicative of Sequencer in order to optimize the detection and interpretation of single sources for database samples, the possibility exists for casethe profiles on the model 377 GeneSequencer. Both STR-1A and work samples that a minor female component is present and hidden STR-1B systems have been fully validated on the ABI models under the X of the major male component. Some samples such as 373A and 377 DNA Sequencers and provided a rich source of data a bloodstain on carpet and blood swabs were incorporated in the for the comprehensive development of casework interpretation list to show that the Microcon-100 treatment does not have any guidelines. STR mixture interpretation is one of the most challengeffect on the ratio of the X and Y homologues of the amelogenin ing situations encountered in our validation studies, and a detailed gene when this ratio is close to 1.0 prior to purification on review with suggested interpretation guidelines will be the subject Microcon-100 columns. In addition, the strength of the fluorescent of a separate publication. Further support of the reliability and signals never interfered with the generation of ratios of 1.0. Amplivalidity of these typing systems has been demonstrated repeatedly fications producing peak heights in the 300 FU range as well as by STR analysis of actual casework samples in the RCMP Forensic the 1000, 2000, 6000 FU ranges all resulted in ratios of 1.0 between Laboratory Directorate. the X and Y homologues of the amelogenin gene.
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